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Method  of  manufacturing  semiconductor  devices  comprising  isolating  regions. 

After  filling  isolation  grooves  (12)  with  a  filling 
material  (15),  this  filling  material  is  etched  by  the  use 
of  a  double-layer  film  (16,  17)  which  is  made  of  sub- 
stances  different  from  each  other. 

Side  etching  of  the  lower  film  (16)  of  the  double- 
layer  film  and  etching  of  the  filling  material  (15)  are 
alternately  performed  in  such  a  manner  that  each  etch- 
ing  is  carried  out  two  or  more  times.  Thus,  the  upper 
surface  of  the  filling  material  contained  in  each  groove 
can  be  flattened,  to  improve  the  reliability  of  wiring 
formed  over  the  upper  surface. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   o f  

m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e .   More  p a r t i c u l a r l y ,   i t  

r e l a t e s   to  a  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e  

t h e   r e s p e c t i v e   e l e m e n t s   of  w h i c h   a r e   i s o l a t e d   by  g r o o v e s .  
A  s e m i c o n d u c t o r   i n t e g r a t e d   c i r c u i t   i n c l u d e s   l a r g e  

n u m b e r s   of  a c t i v e   e l e m e n t s   and  p a s s i v e   e l e m e n t s   s u c h   a s  

t r a n s i s t o r s ,   d i o d e s   and  r e s i s t o r s .   S i n c e   t h e s e   e l e m e n t s   a r e  

a l l   f o r m e d   w i t h i n   one  s e m i c o n d u c t o r   s u b s t r a t e ,   t h e y   need   t o  

be  e l e c t r i c a l l y   i s o l a t e d   f rom  one  a n o t h e r .  

In  o r d e r   to  a c h i e v e   e l e c t r i c a l   i s o l a t i o n   of  t h e  

r e s p e c t i v e   e l e m e n t s   f o r m e d   in  t h e   s u b s t r a t e ,   s e v e r a l   m e t h o d s  

have   b e e n   p r o p o s e d .   Among  t h e m ,   a  m e t h o d   c a l l e d   " p n -  

j u n c t i o n   i s o l a t i o n "   has   h e r e t o f o r e   been   e m p l o y e d   m o s t  

e x t e n s i v e l y .  

T h i s   m e t h o d   e x p l o i t s   t h e   f a c t   t h a t   a  p n - j u n c t i o n  
e x h i b i t s   a  h i g h   r e s i s t a n c e   when  r e v e r s e - b i a s e d .   I t   c o n s i s t s  

in  f o r m i n g   p n - j u n c t i o n s   b e t w e e n   t h e   e l e m e n t s   so  as  t o  

i s o l a t e   t h e   r e s p e c t i v e l y   a d j a c e n t   e l e m e n t s .  

As  s t a t e d   a b o v e ,   p n - j u n c t i o n   i s o l a t i o n   has   h e r e t o f o r e  

b e e n   t h e   mos t   common  e x p e d i e n t   f o r   i s o l a t i n g   t h e   e l e m e n t s   i n  

s e m i c o n d u c t o r   d e v i c e s .   S i n c e ,   h o w e v e r ,   i t   i n v o l v e s   s u c h  

p r o b l e m s   as  r e q u i r i n g   a  l a r g e   a r e a   and  h a v i n g   l a r g e  

p a r a s i t i c   c a p a c i t a n c e s ,   i t   i s   d i f f i c u l t   to   u se   in  a  s e m i -  

c o n d u c t o r   d e v i c e   h a v i n g   h i g h   p a c k a g i n g   d e n s i t y .  

In  o r d e r   to  s o l v e   s u c h   p r o b l e m s ,   a  m e t h o d   c a l l e d  

" g r o o v e   i s o l a t i o n "   has  been   p r o p o s e d .  

T h i s   m e t h o d   c o n s i s t s   i s   f o r m i n g   g r o o v e s ,   f o r   e x a m p l e ,  

U - s h a p e d   or  V - s h a p e d   in  s e c t i o n ,   w i t h i n   t h e   s e m i c o n d u c t o r  

s u b s t r a t e   so  as  to  i s o l a t e   t h e   r e s p e c t i v e   e l e m e n t s   by  m e a n s  

of  t he   g r o o v e s .   I t   i n c l u d e s   two  c a s e s :   one  c a s e   w h e r e   t h e  

g r o o v e   i s   e n t i r e l y   f i l l e d   up  w i t h   an  i n s u l a t o r ,   and  t h e  

o t h e r   c a s e   w h e r e   an  i n s u l a t i n g   l a y e r   is   f o r m e d   on  t h e   s i d e  

s u r f a c e   and  b o t t o m   s u r f a c e   of  t h e   g r o o v e   and  w h e r e   t h e  



r e m a i n i n g   p a r t   i s   f i l l e d   w i t h   p o l y c r y s t a l l i n e   s i l i c o n   or  t h e  

l i k e .   ( H e r e u n d e r ,   i s o l a t i o n   e m p l o y i n g   U - s h a p e d   or  V - s h a p e d  

g r o o v e s   w i l l   be  t e r m e d   " U - g r o o v e   or   V - g r o o v e   i s o l a t i o n "   i n  

t h i s   s p e c i f i c a t i o n . )  

As  c o m p a r e d   w i t h   t h e   a f o r e m e n t i o n e d   p n - j u n c t i o n  

i s o l a t i o n ,   t h i s   g r o o v e   i s o l a t i o n   has   v a r i o u s   m e r i t s   s u c h   a s  

a  s m a l l   a r e a   r e q u i r e m e n t ,   s m a l l   p a r a s i t i c   c a p a c i t a n c e s   and  a  

l a r g e   i s o l a t i o n   v o l t a g e .   H o w e v e r ,   i t   i n v o l v e s   t h e   f o l l o w i n g  

p r o b l e m s ,   t h e   s o l u t i o n s   of  w h i c h   a r e   e a g e r l y   d e s i r e d .  

In  U - g r o o v e   i s o l a t i o n ,   i t   i s   common  p r a c t i c e   to   a d o p t  

a  m e t h o d   in  w h i c h ,   as  i l l u s t r a t e d   in  F i g u r e   1,  a  g r o o v e   o r  

r e c e s s   i s   f o r m e d   in  a  s e m i c o n d u c t o r   s u b s t r a t e   1  in  a d v a n c e ,  

a  d e p o s i t   m a t e r i a l   2  s u c h   as  an  i n s u l a t o r   or   p o l y c r y s t a l l i n e  

s i l i c o n   i s   d e p o s i t e d   on  t h e   w h o l e   s u r f a c e   of  t h e   s u b s t r a t e  

by  a  w e l l   known  p r o c e s s   s u c h   as  CVD  ( c h e m i c a l   v a p o r  

d e p o s i t i o n ) ,   a  mask  3  c o v e r i n g   t h e   g r o o v e   i s   f o r m e d   and  t h e  

f i l m   of  t h e   d e p o s i t   m a t e r i a l   2  i s   c h e m i c a l l y   e t c h e d .   ( W h e n  

e m p l o y i n g   p o l y c r y s t a l l i n e   s i l i c o n   as  t h e   f i l l i n g   m a t e r i a l   2 ,  

as  w i l l   be  d e s c r i b e d   l a t e r ,   t h e   b o t t o m   s u r f a c e   and  s i d e  

s u r f a c e   of  t h e   g r o o v e   a r e   c o v e r e d   w i t h   a  t h i n   i n s u l a t i n g  

f i l m ,   w h e r e u p o n   t h e   p o l y c r y s t a l l i n e   s i l i c o n   i s   d e p o s i t e d   t o  

f i l l   up  t h e   g r o o v e .   In  o r d e r   to  f a c i l i t a t e   u n d e r s t a n d i n g ,  

h o w e v e r ,   t h e   f o r m a t i o n   of  t h e   t h i n   i n s u l a t i n g   f i l m   is   n o t  

e x p l a i n e d   h e r e . )  

When  t h e   f i l l i n g   m a t e r i a l   f i l m   2  i s   e t c h e d   in  t h e  

a b o v e   m e t h o d ,   a  b u l g e   4  o f   t h e   f i l l i n g   m a t e r i a l   a p p e a r s   a t  

an  end  p a r t   of  t h e   g r o o v e   and  r e s u l t s   in  an  u n e v e n   u p p e r  
s u r f a c e   a b o v e   t h e   g r o o v e   as  i l l u s t r a t e d   in  F i g u r e   2 .  

E s p e c i a l l y ,   when  t h e   mask  3  f o r   t h e   s e l e c t i v e   e t c h i n g  

d e v i a t e s   f r o m   t h e   p a t t e r n   of  t h e   s u b s t r a t e ,   t h e r e   is   t h e  

d i s a d v a n t a g e   t h a t   t h e   b u l g e   4  b e c o m e s   s t i l l   l a r g e r .  

When  a  w i r i n g   run   i s   f o r m e d   on  s u c h   a  b u l g e ,   i t   i s  

l i a b l e   to  d i s c o n n e c t i o n   due  to  t h e   b u l g e .   I t   i s   t h e r e f o r e  

d i f f i c u l t   to  f o rm  a  s e m i c o n d u c t o r   i n t e g r a t e d   c i r c u i t   h a v i n g  

h i g h   r e l i a b i l i t y .  



A c c o r d i n g l y ,   a  m e t h o d   w h i c h   can  f i l l   up  t h e   g r o o v e   o r  

r e c e s s   p r o v i d e d   in  t h e   s e m i c o n d u c t o r   s u b s t r a t e   and  p r o v i d e  

a  f l a t   u p p e r   s u r f a c e   i s   v e r y   d e s i r a b l e .   P r e f e r a b l y   s u c h   a  

m e t h o d   s h o u l d   be  a b l e   to  f i l l   up  a  g r o o v e   of  any  d e s i r e d  

w i d t h   and  p r o d u c e   an  u p p e r   s u r f a c e   h a v i n g   a  good  d e g r e e   o f  

f l a t n e s s .  

B r i e f l y ,   t h e   p r e s e n t   i n v e n t i o n   e m p l o y s   a  d o u b l e - l a y e r  

f i l m   made  of  d i f f e r e n t   m a t e r i a l s   as  an  e t c h i n g   mask  f o r   a  

f i l l i n g   m a t e r i a l   c o n t a i n e d   in  a  g r o o v e ,   and  i t   e t c h e s   t h e  

f i l l i n g   m a t e r i a l   w h i l e   s i d e - e t c h i n g   t h e   l o w e r   l a y e r   f i l m ,  

t h e r e b y   to  p r e v e n t   a  b u l g e   f r o m   a p p e a r i n g .  

More  s p e c i f i c a l l y ,   t h e   i n v e n t i o n   p r o v i d e s   a  m e t h o d   o f  

m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e ,   c o m p r i s i n g   t h e   s t e p s  
o f  

( i )   f o r m i n g   g r o o v e s   in  a  m a j o r   s u r f a c e   of  a  s e m i -  

c o n d u c t o r   s u b s t r a t e ,  

( i i )   d e p o s i t i n g   a  f i l l i n g   m a t e r i a l   on  t h e   s u r f a c e   o f  

t h e   s u b s t r a t e ,   f i l l i n g   t h e   g r o o v e s ,  
( i i i )   f o r m i n g   a  f i l m   o v e r   t h e   g r o o v e s ,   a n d  

( i v )   e t c h i n g   t h e   f i l l i n g   m a t e r i a l   u s i n g   s a i d   f i l m   as  a  

mask ,   to  r e m o v e   f i l l i n g   m a t e r i a l   o u t s i d e   t h e   g r o o v e s ,  
c h a r a c t e r i s e d   in  t h a t   in  s t e p   ( i i i )   two  f i l m s   a r e  

f o r m e d   of  m a t e r i a l s   d i f f e r e n t   f rom  e a c h   o t h e r ,  

t h a t   t he   m e t h o d   i n c l u d e s   a  s t e p   of  s i d e - e t c h i n g   t h e  

l o w e r   s a i d   f i l m ,  

t h a t   in  s t e p   ( i v )   t h e   f i l l i n g   m a t e r i a l   is   e t c h e d   u s i n g  
s a i d   l o w e r   f i l m   as  a  m a s k ,  

and  in  t h a t   t h e   s t e p s   of  s i d e - e t c h i n g   t he   l o w e r   f i l m  

and  e t c h i n g   t he   f i l l i n g   m a t e r i a l   a r e   r e p e a t e d   at   l e a s t   o n c e  

m o r e .  



P r e f e r r e d   e m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d ,   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g s ,  

w h e r e i n :  

F i g u r e s   1  and  2  a r e   s e c t i o n a l   v i e w s   of  a  s e m i c o n d u c t o r  

s u b s t r a t e   s h o w i n g   a  p r i o r - a r t   m e t h o d   of  f o r m i n g   an  i s o l a t i o n  

g r o o v e ;  

F i g u r e s   3a  to   3f  a r e   s e c t i o n a l   d i a g r a m s   s h o w i n g   t h e  

s t e p s   of  a  f i r s t   m e t h o d   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

a n d  

F i g u r e s   4a  to   4c  a r e   s e c t i o n a l   d i a g r a m s   f o r   e x p l a i n i n g  

a  s e c o n d   m e t h o d   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

E m b o d i m e n t   1 

F i g u r e s   3a  to   3f  show  t h e   s t e p s   of  m a n u f a c t u r e   in  a n  

e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .  



As  shown  in  F i g u r e   3a,  a  c o l l e c t o r   b u r i e d   l a y e r   ( 0 . 5  -  1 . 5   µm 

t h i c k )   8  was  f o r m e d   in  t h e   s u r f a c e   of  a  Si  s u b s t r a t e   7  by  a  

w e l l   known  e x p e d i e n t   s u c h   as  ion   i m p l a n t a t i o n   and  t h e r m a l  

d i f f u s i o n .   A  Si  e p i t a x i a l   l a y e r   (  1  -   2  pm  t h i c k )   9  w a s  

f o r m e d   on  t h e   l a y e r   8  by  t h e   w e l l   known  v a p o r   e p i t a x i a l  

g r o w t h   t e c h n i q u e  ,   w h e r e u p o n   i t s   s u r f a c e   was  t h e r m a l l y  

o x i d i z e d   to  fo rm  a  SiO2  f i l m   (100  nm  t h i c k )   10.  F u r t h e r ,   a  

S i 3 N 4  f i l m   ( 1 0 0  -   300  nm  t h i c k )   11  was  f o r m e d   on  t h e   f i l m   10  

by  t h e   w e l l   known  CVD  p r o c e s s .  

S u b s e q u e n t l y ,   u s i n g   t h e   w e l l   known  p h o t o e t c h i n g  

t e c h n i q u e ,   t h e   Si3N4  f i l m   1 1  w a s   p a t t e r n e d   to  r e m o v e   p a r t s  

c o r r e s p o n d i n g   to  g r o o v e s   to  be  f o r m e d ,   and  t h e   e x p o s e d   p a r t s  

of  t he   S i 0 2   f i l m   10  were   e t c h e d   and  r e m o v e d .   N e x t ,   u s i n g   a  

d ry   e t c h i n g   t e c h n i q u e   s u c h   as  r e a c t i v e   s p u t t e r   e t c h i n g ,   S i  

was  e t c h e d   to  fo rm  t h e   deep   g r o o v e s   12  ( 2  -   4  pm  d e e p )   w h i c h  

r e a c h e d   t h e   s u b s t r a t e   7  by  p e n e t r a t i n g   t h e   Si  e p i t a x i a l  

l a y e r   9  as  w e l l   as  t h e   c o l l e c t o r   b u r i e d   l a y e r   8  ( F i g u r e   3 b ) .  

Under   t h i s   s t a t e ,   an  i m p u r i t y   of  t h e   c o n d u c t i v i t y   t y p e  

o p p o s i t e   to  t h a t   of  t h e   b u r i e d   l a y e r   8  was  i n t r o d u c e d   i n t o  

t h e   b o t t o m s   of  t h e   g r o o v e s   12  by  ion   i m p l a n t a t i o n   in  o r d e r  

to  p r e v e n t   t h e   o c c u r r e n c e   of  c h a n n e l s .   As  shown  in  F i g u r e  

3c,  t h e   s u r f a c e s   of  t h e   g r o o v e s   12  were   o x i d i z e d   to  f o rm  a  

SiO2  f i l m   ( 2 0 0  -   600  nm  t h i c k )   13.  A f t e r   t h e   r e m a i n i n g  

S i 3 N 4  f i l m   11  was  e t c h e d   and  r e m o v e d ,   a  S i3N4  f i l m   ( 1 0 0  -  

200  nm  t h i c k )   14  was  f o r m e d   on  t h e   w h o l e   s u r f a c e   of  t h e  

r e s u l t a n t   s u b s t r a t e   a g a i n .   S u b s e q u e n t l y ,   p o l y c r y s t a l l i n e   S i  

15  was  d e p o s i t e d   to  a  t h i c k n e s s   a p p r o x i m a t e l y   e q u a l   to  t h e  

d e p t h   of  t he   g r o o v e s   12  so  as  to  f i l l   up  t h e   g r o o v e s   by  t h e  

use  of  t h e   c o n v e n t i o n a l   CVD  p r o c e s s ,   i t s   s u r f a c e   w a s  

o x i d i z e d   to  fo rm  a  SiO2  f i l m   ( 1 0 0  -   200  nm  t h i c k )   16,  and  a  

S i 3 N 4  f i l m   ( 1 0 0  -   200  nm  t h i c k )   17  was  f o r m e d   t h e r e o n   by  t h e  

CVD  p r o c e s s .   N e x t ,   u s i n g   c o n v e n t i o n a l   l i t h o g r a p h y ,   a  p h o t o -  

r e s i s t   p a t t e r n   18  h a v i n g   a  d e v i c e   ( f o r   l e a v i n g   p a r t s  

c o r r e s p o n d i n g   to  t h e   g r o o v e s )   c o n v e r s e   to  t h e   d e v i c e   of  t h e  

g r o o v e s   was  f o r m e d .  



N e x t ,   t h e   S i3N4  f i l m   17  was  e t c h e d   by  e m p l o y i n g   t h e  

p h o t o r e s i s t   p a t t e r n   18  as  a  m a s k ,   and  a f t e r   r e m o v i n g   t h e  

p h o t o r e s i s t   18,  t h e   e x p o s e d   p a r t s   of  t h e   S i 0 2   f i l m   16  w e r e  

e t c h e d   by  e m p l o y i n g   t h e   r e m a i n i n g   p a r t s   of  t h e   Si3N4  f i l m   17  

as  a  m a s k .   The  e t c h i n g   of  t h e   S i 0 2   f i l m   16  a t   t h i s   t i m e   w a s  

e x c e s s i v e l y   p e r f o r m e d   to  t h e   e x t e n t   t h a t   t h e   p a r t s   of  t h e  

SiO2  f i l m   16  u n d e r l y i n g   t h e   r e m a i n i n g   p a r t s   of  t h e   S i 3 N 4  
f i l m   17  we re   s i d e - e t c h e d   or  l a t e r a l l y   e t c h e d   a b o u t   1 /5   o f  

t h e   d e p t h   of  t h e   g r o o v e s .  

S u b s e q u e n t l y ,   as  shown  in  F i g u r e   3d,  t h e  

p o l y c r y s t a l l i n e   Si  f i l m   15  was  e t c h e d   down  to  a  h a l f   of  i t s  

t h i c k n e s s   w i t h   an  e t c h a n t   s u c h   as  h y d r a z i n e   (KOH,  NaOH,  or   a  

m i x e d   s o l u t i o n   c o n s i s t i n g   of  f l u o r i c   a c i d   and  n i t r i c   a c i d  

may  w e l l   be  e m p l o y e d ) .   H e r e ,   t h e   SiO2  f i l m   16  was  s i d e -  

e t c h e d   a b o u t   1 /5   of  t h e   d e p t h   of  t h e   g r o o v e s   a g a i n   ( F i g u r e  

3 e ) .  

The  p o l y c r y s t a l l i n e   Si  f i l m   15  was  e t c h e d   a g a i n   w i t h  

t h e   e t c h a n t   s u c h   as  h y d r a z i n e   u n t i l   t h e   s u r f a c e   of  t h e  

S i 3 N 4  f i l m   14  was  e x p o s e d   so  t h a t   t h e   p o l y c r y s t a l l i n e  

s i l i c o n   15  m i g h t   r e m a i n   w i t h i n   t h e   g r o o v e s   o n l y .   A f t e r   t h e  

SiO2  f i l m   16  u n d e r l y i n g   t h e   p e n t   r o o f   of  t h e   S i 3 N 4  f i l m   17  

was  e t c h e d ,   an  SiO2  f i l m   ( 2 0 0  -   800  nm  t h i c k )   19  was  f o r m e d  

in  t h e   s u r f a c e   of  t h e   p o l y c r y s t a l l i n e   Si  15  w i t h i n   e a c h  

g r o o v e   by  t h e r m a l   o x i d a t i o n .   The  S i3N4  f i l m   17  r e m a i n i n g  

on  t h e   s u r f a c e   of  t h e   r e s u l t a n t   s u b s t r a t e   was  r e m o v e d .   T h e  

e l e m e n t s   w e r e   t h u s   i s o l a t e d   as  shown  in  F i g u r e   3 f .  

As  s e e n   f rom  F i g u r e   3 f ,   a  b i p o l a r   LSI  t h u s  

m a n u f a c t u r e d   has   an  i m p r o v e d   s u r f a c e   f l a t n e s s   in  c o m p a r i s o n  

w i t h   an  LSI  m a n u f a c t u r e d   by  t h e   p r i o r - a r t   m e t h o d .   W i r i n g  

f o r m e d   on  t h e   u p p e r   s u r f a c e   i s   n o t   l i a b l e   to  d i s c o n n e c t i o n ,  

and  t h e   y i e l d   of  u s a b l e   d e v i c e s   r i s e s   s h a r p l y  

E m b o d i m e n t   2 

In  E m b o d i m e n t   1,  t h e   e t c h i n g   of  t h e   p o l y c r y s t a l l i n e  

Si  15  and  t h e   s i d e   e t c h i n g   of  t h e   S i 0 2   f i l m   16  u s e d   as  t h e  

e t c h i n g   mask  of  t h e   p o l y c r y s t a l l i n e   s i l i c o n   15  w e r e  



a l t e r n a t e l y   p e r f o r m e d ,   s u c h   t h a t   e a c h   e t c h i n g   was  e x e c u t e d  

t w i c e .   A  f u r t h e r   i n c r e a s e   in  t h e   n u m b e r   of  t i m e s   of  t h e  

e t c h i n g   o p e r a t i o n s   b r i n g s   f o r t h   t h e   m e r i t s   t h a t   t h e   f l a t n e s s  

of  t h e   s u r f a c e   can  be  e n h a n c e d   and  t h a t   any  s t e p   w h i c h   m i g h t  

a p p e a r   i s   s m a l l   even   when  t h e   p h o t o r e s i s t   18  has   d e v i a t e d   o n  

a c c o u n t   of  m i s r e g i s t r a t i o n   in  t h e   mask  a l i g n m e n t ,   e t c .   T h i s  

w i l l   now  be  d e s c r i b e d   in  d e t a i l .   Where   t h e   e t c h i n g   mask  3 

has   d e v i a t e d   as  i l l u s t r a t e d   in  F i g u r e   4a,   t h e   e t c h i n g   of  t h e  

f i l l i n g   m a t e r i a l   2  by  t h e   p r i o r - a r t   m e t h o d   p o s e s   t h e   p r o b l e m  
t h a t   a  v e r y   l a r g e   b u l g e   4  d e v e l o p s   on  one  s i d e   of  t h e   g r o o v e  
as  d e p i c t e d   in  F i g u r e   4b.  In  c o n t r a s t ,   w i t h   t h e   p r e f e r r e d  
m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n ,   t h e   b u l g e   b e c o m e s   v e r y  
s m a l l   and  b o t h   t h e   s i d e s   of  t h e   g r o o v e   can  f i n i s h   u p  
s u b s t a n t i a l l y   f l a t   as  shown  in  F i g u r e   4c.   H e r e ,   F i g u r e   4 c  

i l l u s t r a t e s   t h e   s e c t i o n a l   s h a p e   of  p o l y c r y s t a l l i n e   s i l i c o n  

o b t a i n e d   in  a  c a s e   w h e r e   e a c h   of  t h e   e t c h i n g   of  t h e  

p o l y c r y s t a l l i n e   s i l i c o n   and  t h e   s i d e   e t c h i n g   of  t h e   S i O 2  
f i l m   u s e d   as  t h e  m a s k   was  c a r r i e d   o u t   t h r e e   t i m e s .   When  t h e  

s i d e   e t c h i n g   o p e r a t i o n s   a r e   p e r f o r m e d   a  l a r g e r   number   o f  

t i m e s   in  t h i s   m a n n e r ,   t h e   a m o u n t   of  t h e   s i d e   e t c h i n g   and  t h e  

a m o u n t   by  w h i c h   t h e   f i l l i n g   m a t e r i a l   is   e t c h e d   a r e   m a d e  

s m a l l e r   in  t h e   l a t e r   o p e r a t i o n s .   T h u s ,   t h e   o c c u r r e n c e   o f  

t he   b u l g e   is   e f f e c t i v e l y   p r e v e n t e d ,   and  a l s o   t h e   o c c u r r e n c e  
of  a  r ecess   a s c r i b a b l e   to  t h e   r e t r e a t   of  t h e   mask  i s  

p r e v e n t e d .   T h i s   m e a s u r e   is   v e r y   e f f e c t i v e   f o r   r e a l i z i n g   t h e  

f l a t t e n i n g   of  t he   s u r f a c e .  

In  t h i s   e m b o d i m e n t ,   p o l y c r y s t a l l i n e   Si  was  u s e d   as  t h e  

m a t e r i a l   f o r   f i l l i n g   t h e   g r o o v e .   The  f i l l i n g   m a t e r i a l ,  

h o w e v e r ,   is  n o t   r e s t r i c t e d   to  p o l y c r y s t a l l i n e   s i l i c o n ,   b u t  
i t   is  of  c o u r s e   p o s s i b l e   to  e m p l o y   an  i n s u l a t o r   such   a s  

S i 0 2 ,   Si3N4  and  A1203  or  an  o r g a n i c   i n s u l a t o r   s u c h   as  " P I Q "  

( p o l y i m i d e   i s o i n d o l o q u i n a z o l i n e d i o n e ,   r e g i s t e r e d   t r a d e m a r k  

of  H i t a c h i   C h e m i c a l   C o . ) .   For  example,  when  SiO2  (non-doped,  o r  

P - d o p e d ,   B - d o p e d ,   G e - d o p e d   or  t h e   l i k e )   i s   e m p l o y e d   as  t h e  

f i l l i n g   m a t e r i a l   15,  a  d o u b l e - l a y e r   mask  f o r   t h e   e t c h i n g   o f  



t h e   f i l l i n g   m a t e r i a l   can   be  u s e d   w h i c h   c o n s i s t s   of  a  l o w e r  

l a y e r   16  made  of  p o l y c r y s t a l l i n e   Si  and  an  u p p e r   l a y e r   1 7  

made  of  S i 3 N 4 ,   and  t h e   s u r f a c e   can   be  f l a t t e n e d   by  s t e p s  

s i m i l a r   to  t h o s e   of  t h e   p r e s e n t   e m b o d i m e n t .   N e e d l e s s   t o  

s a y ,   h o w e v e r ,   i t   i s   u n n e c e s s a r y   to   f o r m   t h e   S i 0 2   f i l m   19  i n  

t h i s   c a s e .  

T h i s   e m b o d i m e n t   has   b e e n   d e s c r i b e d   as  to   t h e   c a s e  

w h e r e   t h e   p r e s e n t   i n v e n t i o n   was  u s e d   f o r   t h e   i s o l a t i o n   of  a  

b i p o l a r   IC.   The  p r e s e n t   i n v e n t i o n ,   h o w e v e r ,   i s   a l s o  

a p p l i c a b l e   to   v a r i o u s   c a s e s   of  f l a t t e n i n g   g r o o v e s   o r  

r e c e s s e s ,   e . g .   f l a t t e n i n g   t h e   i s o l a t i o n   r e g i o n s   or  w i r i n g  

c o n d u c t o r s   of  a  MOS-IC,   and  i t   i s   v e r y   u s e f u l .  

Now,  t h e   a p p l i c a b i l i t y   of  t h e   p r e s e n t   i n v e n t i o n   w i l l  

be  s u p p l e m e n t a r i l y   e x p l a i n e d .   As  a p p a r e n t   f rom  F i g u r e s   3 c  

and  3d,  in  t h e   c a s e   of  a  n a r r o w   g r o o v e ,   no  l a r g e   s t e p  

a p p e a r s   on  t h e   s u r f a c e   e v e n   when  t h e   g r o o v e   is   f i l l e d   u p  
w i t h   t h e   f i l l i n g   m a t e r i a l   15.   In  t h i s   c a s e ,   t h e   p r o c e s s i n g  

w i t h   t h e   p r i o r - a r t   m e t h o d   b r i n g s   a b o u t   no  h i n d r a n c e   i n  

p r a c t i c a l   u s e .  

In  c o n t r a s t ,   in  t h e   c a s e   of  a  b r o a d   g r o o v e ,   a  s t e p  

a p p r o x i m a t e l y   c o r r e s p o n d i n g   to   t h e   d e p t h   of  t h e   g r o o v e  

d e v e l o p s .   T h e r e f o r e ,   t h e   o c c u r r e n c e   of  a  l a r g e   b u l g e   i s  

i n e v i t a b l e   w i t h   t h e   p r i o r - a r t   m e t h o d ,   and  t h e   g r o o v e   n e e d s  

to  be  p r o c e s s e d   by  t h e   p r e s e n t   i n v e n t i o n .  

When  t h e   g r o o v e   has   a  w i d t h   w h i c h   is   l e s s   t h a n  

a p p r o x i m a t e l y   d o u b l e   t h e   d e p t h   t h e r e o f ,   i t   can   be  p r o c e s s e d  

by  t h e   p r i o r - a r t   m e t h o d .  

H o w e v e r ,   i f   t h e   g r o o v e   is   w i d e r   t h a n   a p p r o x i m a t e l y  

d o u b l e   t h e   d e p t h   t h e r e o f ,   t h e   p r e s e n t   i n v e n t i o n   mus t   b e  

r e l i e d   o n .  

For  e x a m p l e ,   in  t h e   c a s e   of  a  b i p o l a r   i n t e g r a t e d  

c i r c u i t   of  t h e   p r e s e n t   d a y ,   t h e   d e p t h   of  e a c h   g r o o v e   f o r  

i s o l a t i n g   e l e m e n t s   i s   a p p r o x i m a t e l y   3  µm.  T h e r e f o r e ,   w h e n  

t h e   w i d t h   of  t h e   g r o o v e   i s   g r e a t e r   t h a n   a p p r o x i m a t e l y   5  -   6 

pm,  t h e   u p p e r   s u r f a c e   of  t h e   g r o o v e   n e e d s   to  be  f l a t t e n e d   b y  



t he   p r e s e n t   i n v e n t i o n .   When  t h e   p a c k a g i n g   d e n s i t y   i n c r e a s e s  

in  t h e   f u t u r e ,   i t   is   p r e s u m e d   t h a t   t h e   d e p t h   of  e a c h   g r o o v e  
f o r   i s o l a t i n g   e l e m e n t s   w i l l   b e c o m e   a p p r o x i m a t e l y   2  µm  or  s o .  

In  t h i s   c a s e ,   when  t h e   g r o o v e   w i d t h   is   g r e a t e r   t h a n  

a p p r o x i m a t e l y   4  µm,  t h e   p r e s e n t   i n v e n t i o n   o u g h t   to  b e  

a p p l i e d .  



1.  A  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e ,  

c o m p r i s i n g   t h e   s t e p s   o f  

( i )   f o r m i n g   g r o o v e s   (12)   in  a  m a j o r   s u r f a c e   of  a  

s e m i c o n d u c t o r   s u b s t r a t e   ( 7 ) ,  

( i i )   d e p o s i t i n g   a  f i l l i n g   m a t e r i a l   (15)  on  t h e   s u r f a c e  

of  t h e   s u b s t r a t e ,   f i l l i n g   t h e   g r o o v e s   ( 1 2 ) ,  

( i i i )   f o r m i n g   a  f i l m   o v e r   t h e   g r o o v e s   ( 1 2 ) ,   a n d  

( i v )   e t c h i n g   t h e   f i l l i n g   m a t e r i a l   (15)  u s i n g   s a i d   f i l m  

as  a  m a s k ,   to   r e m o v e   f i l l i n g   m a t e r i a l   o u t s i d e   t h e   g r o o v e s  
( 1 2 ) ,  

c h a r a c t e r i s e d   in  t h a t   in  s t e p   ( i i i )   two  f i l m s   ( 1 6 , 1 7 )  

a r e   f o r m e d   of  m a t e r i a l s   d i f f e r e n t   f r o m   e a c h   o t h e r ,  

t h a t   t h e   m e t h o d   i n c l u d e s   a  s t e p   of  s i d e - e t c h i n g   t h e  

l o w e r   s a i d   f i l m   ( 1 6 ) ,  

t h a t   in   s t e p   ( i v )   t h e   f i l l i n g   m a t e r i a l   (15)  i s   e t c h e d  

u s i n g   s a i d   l o w e r   f i l m   (16)  as  a  m a s k ,  

and  in  t h a t   t h e   s t e p s   of  s i d e - e t c h i n g   t h e   l o w e r   f i l m  

(16)  and  e t c h i n g   t h e   f i l l i n g   m a t e r i a l   (15)   a r e   r e p e a t e d   a t  

l e a s t   o n c e   m o r e .  

2.  A  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e   a s  
d e f i n e d   in  c l a i m   1,  w h e r e i n   s a i d   f i l l i n g   m a t e r i a l   (15)  i s  

p o l y c r y s t a l l i n e   s i l i c o n .  

3.  A  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e   a s  
d e f i n e d   in  c l a i m   2,  w h e r e i n   p r i o r   to  t h e   s t e p   ( i i ) ,   a n  

i n s u l a t i n g   f i l m   (13)  i s   f o r m e d   on  s u r f a c e s  o f   s a i d   g r o o v e s  
( 1 2 ) .  

4.  A  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e   a s  
d e f i n e d   in  c l a i m   3,  w h e r e i n   s a i d   i n s u l a t i n g   f i l m   is   a  d o u b l e -  

l a y e r   f i l m   w h i c h   c o n s i s t s   of  a  s i l i c o n   d i o x i d e   f i l m   (13)  a n d  

a  s i l i c o n   n i t r i d e   f i l m   ( 1 4 ) .  



5.  A  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e   a s  

d e f i n e d   in  any  of  c l a i m s   2  to  4,  w h e r e i n   t h e   u p p e r   f i l m   ( 1 7 )  

of  s a i d   two  f i l m s   d e p o s i t e d   in  s t e p   ( i i i )   is   a  s i l i c o n  

n i t r i d e   f i l m ,   w h i l e   t he   l o w e r   f i l m   (16)   is  a  s i l i c o n   d i o x i d e  

f i l m .  

6.  A  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e   a s  

d e f i n e d   in  any  of  c l a i m s   2  to  5,  w h e r e i n   s a i d   p o l y c r y s t a l l i n e  

s i l i c o n   (15)  i s   e t c h e d   w i t h   an  e t c h a n t   s e l e c t e d   f r o m  

h y d r a z i n e ,   p o t a s s i u m   h y d r o x i d e ,   s o d i u m   h y d r o x i d e ,   or  a  m i x e d  

s o l u t i o n   of  f l u o r i c   a c i d   and  n i t r i c   a c i d .  

7.  A  m e t h o d   of  m a n u f a c t u r i n g   a  s e m i c o n d u c t o r   d e v i c e   a s  

d e f i n e d   in  c l a i m   1,  w h e r e i n   s a i d   f i l l i n g   m a t e r i a l   is   s e l e c t e d  

f rom  s i l i c o n   d i o x i d e ,   s i l i c o n   n i t r i d e ,   a l u m i n u m   o x i d e ,   a n d  

p o l y i m i d e   i s o i n d o l o q u i n a z o l i n e d i o n e .  








	bibliography
	description
	claims
	drawings

